1 Refractive index contrast measurements In order to calculate the Soret coefficient S T from the intensity of the diffracted read-out beam, it is necessary to know the dependence of the refractive index on temperature and concentration, (∂n/∂T ) p,c and (∂n/∂c) p,T . The former was measured interferometrically [1] and the latter with an Abbe refractometer (Anton Paar ABBEMAT RXA 158). For the calculation of S T from the IR-TDFRS measurements, the contrast factors were interpolated from these measurement series for the correct temperatures and concentrations. (∂n/∂T ) p,c is negative in the measured concentration and temperature range, the absolute value increases with higher urea concentration and with increasing temperature (Fig. 1a) . Measurements of the refractive index were conducted for 7 concentrations ranging from pure water (c = 0) to an aqueous solution with 50 wt% urea (Fig. 1b) . Fig. 1c shows the derivative (∂n/∂c) p,T calculated from the function n(c, T ) we determined by fitting the experimental values. (∂n/∂c) p,T increases at higher urea concentrations and decreases with rising temperature.
Denaturation of proteins using urea and formamide
The denaturation of proteins by addition of organic solvents has often been investigated [2, 3, 4, 5, 6, 7, 8, 9, 10] . The question is whether, as in the urea, the denaturation of proteins by formamide occurs in the same concentration range where we observe the changes in the temperature dependent slope of the Soret coefficient in the formamide/water solutions. For formamide (FA) solutions this change occurs for a weight fraction of 0.2 FA corresponding to 4.6 mol/L or a volume fraction of 0.18. Khabiri et al. [9] investigated the influence of formamide 5% (v/v), acetone 20% (v/v) and isopropanol 10% (v/v) on the structure of the haloalkane dehalogenases DhaA, LinB, and DbjA. With the exception of LinB in acetone, the structures of studied enzymes were stabilized in water-miscible organic solvents. The volume fraction of 5% is well below the concentration at which the temperature dependent slope changes, so that we do not expect an effect. Asakura et al. [10] did not observe a denaturation of hemoglobin in the presence of formamide even at very high formamide concentration. Fuchs et al. [7] determine only change of the melting curve. In fig. 2 we see the Soret coefficient as function of concentration. The inversion of the slope can be observed as an 'intersection point', where the T-dependence of S T is close to zero. If we compare the formamide and the urea results, that concentration is w.f. = 0.2 and w.f. = 0.3 for formamide and urea, respectively. In both cases we find a correlation with the denaturation range of the two compounds. 
Density of aqueous urea solutions
Densities were measured with an Anton Paar DMA 4500 densimeter with an error of 0.0002 g/cm 3 . Solutions were prepared with Urea (≥ 99%, Fluka, Sigma-Aldrich, 89555 Steinheim, Germany) and Millipore water. For degassing, the sample solutions were sealed in their flasks with Parafilm and kept in an ultra-sonic bath at 70
• C for 2h. No formation of bubbles was observed during the measurements, except for the 5 wt% solution at 60 and 65
• C. Table 3 .
The following empirical equation (1) was found by fitting the experimental data and can be used to interpolate the temperature and concentration dependant density of aqueous urea solutions. Note that the units of ρ, ω, and T are g/cm 3 , weight fractions, and • C, respectively.
(1) Table 3 : Measurement results for the density ρ of aqueous urea solutions with weight fractions of urea from w.f. = 0 to w.f. = 0.5 and at temperatures between 10 and 65 The weight fraction of urea ω urea is the ratio of the mass of urea m urea and the total mass of the solution (m urea + m water ):
The mole fraction of urea χ urea is defined as the ratio of the number of urea molecules N urea and the total number of molecules (N urea + N water ):
With N = m/M , ω water = 1 − ω urea , and the molar masses for urea and water, M urea =60.05526 g/mol and M water =18.01528 g/mol, mole fractions can be calculated with
The number of water molecules per urea molecule can be calculated from χ with N urea = 1 and
The molar concentration c is defined as the number of urea molecules in the volume of the solute
where the volume V is given by
In our case, where the density ρ is given in g/cm 3 , c in the unit M = mol/L can be calculated from ω with
Note that the maximal value for the molar concentration at a mole fraction of χ urea = 1 is calculated as c urea =21.56 M, which, considering that the density used for the calculation is extrapolated from the aqueous solution, is in reasonable agreement with the value of 21.98 M calculated for pure solid urea with a density of ρ urea = 1.32 g/cm 3 . Table 4 : Conversion table for concentrations of aqueous urea solutions in weight fraction ω, mole fraction χ, molar concentration c and molecular ratio urea:water in a concentration range from ω = 0 to ω = 0.5. 5 Data from computer simulations
Comparison of simulation and experiment
To test the accuracy of our forcefields for urea-water solutions we performed a number of simulations and computed the density and diffusion coefficient as a function of urea concentration. Figure 4 shows the concentration dependence of the density with urea concentration at 25 0 C. Both experiments and simulations shows an increase of the solution density with the urea concentration.
Our computed values are in excellent agreement with both experimental [18] and simulated [19] results obtained at the same thermodynamic state, in the latter case using a different force-field. Figure 5 shows the diffusion coefficient D for several concentrations as a function of temperature. The simulation data for the diffusion coefficient were calculated using equilibrium simulations ensemble and via the mean square displacement and Einstein equation [20] . [18] and simulation [19] data using a different forcefield. All the data correspond to the same thermodynamic state. 
Temperature and mole fraction profiles
In order to compute the Soret coefficient we performed Non-Equilibrium Molecular Dynamics (NEMD) simulations as described in the Methods section. Figure 6 (a) show a typical snapshot of the system simulated in this work, along with a representative temperature profile. The hot and cold thermostatted molecules are represented in magenta and cyan, respectively. The temperatures in the cold and hot layers were set to 2 0 C and 102 0 C, respectively, and result in a well defined temperature profile along the simulated box. The size of the water molecules, in red, was decreases to allow a better visualization of the urea molecules. Figure 6 (b) and (c) shows the mole fraction of water and urea, respectively, for different urea concentrations. Both, the mole fraction of urea and water changes along the simulated box and with temperature as a results of the thermal gradient applied. The data were acquired at the stationary state, i.e when there is no net mass flux. The variation in mole fraction along the simulated box was used to compute the Soret coefficient (see equation (4) in the Methods section). We neglected the data next to the thermostatted layers. Table 5 shows the computed Soret coefficient values for the three concentrations considered in this work (concentrations 10 wt% (1.7 M), 37 wt% (6.7 M) and 50 wt% (9.4 M), shown in fig. 1b of the main text) , along with the fitting parameters used to model our data using the Iacopini and Piazza equation [21] (equation 2 in the main text) or the expression
Soret coefficient and chemical potential
in case of negative temperature dependence (0.50 -U1). The labels U1 and U2 in the table, indicate the different waterurea interactions used in this work (see the main text for more details). The chemical potential of urea was computed as described in the Methods section and then fitted to a linear equation (µ tot (T ) = mT + q) to calculate the entropy and enthalpy. The fitting parameters are reported in the last column of Table 5 . The fitting of the chemical potential was obtained using the Kelvin scale, while that one for the Soret coefficient using the Celsius scale. Note that the values of the Soret coefficient are independent of the scale used. conc.
T
• C 10 To explain the thermodiffusive behaviour of the aqueous urea solutions we quantified the clustering of urea molecules. We performed a 3D Voronoi tessellation of the solutions at 30 0 C using the voro++ package [22] . Each urea molecule has been represented according to the position of the C=O group which has been considered as the center of the molecule to construct the cluster. Figure 7 illustrates the urea aggregation as a function of the urea concentration. In the snapshots on the left side of Figure 7 (a), clusters with different size are represented with different colors. Water and urea molecules not aggregated are represented with lines. Urea molecules aggregate creating an amount of clusters which increases, as well as their size, with concentration. Furthermore, we show, in Figure 7 (b), the cluster size distribution representing the normalized number of clusters against the cluster size, in terms of number of urea molecules, N U . This graphical representation of the numerical data was obtained by computing the average cluster number and size of 100 configurations over 15 ns. At the highest concentration considered, 50 wt%, we find that the increase in water-urea interactions (U2) results in a decrease of both the size and number of cluster. Indeed, we quantified the aggregation by computing the mean size of the clusters, < S U,cluster >, using:
< S U,cluster >= smax s min sn s (s)ds,
where n s (s) represent the number of cluster with size s, and s min and s max are the lowest and highest cluster size observed for these simulated systems, respectively. Table 5 shows the mean size of the clusters, < S U,cluster > for the different simulated systems. < S U,cluster > decreases with the increase of the water-urea interaction (see w.f. = 0.5 U1 and U2), loosing about one urea molecule per cluster and being closer to the cluster size obtained at lower concentration, namely w.f. = 0.37. At this concentration the Soret coefficient increases with temperature. We find that the increase in the water-urea interactions results in a reduction of clustering, hence better solubility in water, which correlates well with our hypothesis that stronger solvation leads to a less thermophobic state.
